Introduction
A full understanding of nuclear properties requires an accurate knowledge of correlations between the nucleons. The correlations spread the contributions from single-particle orbits and result in a reduction of the nucleon occupancies relative to the independent-particle-model (IPM) values [1] . Assuming that the reaction mechanism description is well under control, deviations from unity of the ratio R s = σ (expt)/σ (theory) indicate the onset of correlation strength missing in the structure theories.
A constant quenching (30-40%) of the valence proton spectroscopic strengths was observed in (e, e p) reaction studies for nuclei near a closed shell compared to the IPM values [2] . Such PTEP 2016, 083D01 J. Lee et al. suppression of the spectroscopic factors (SF) clearly indicates an insufficient treatment of nucleonnucleon correlations in the present shell models for nuclei near stability [1] [2] [3] . It is imperative to understand how these correlations change in nuclei away from stability and to what extent the theories have predictive power.
The 9 Be and 12 C target-induced one-nucleon (1N ) knockout measurements at energies below 90 MeV/nucleon suggest a strong asymmetry dependence of the reduction factor R s [4] . The results indicate a strong dependence of R s on the asymmetry of the Fermi surfaces in each nucleus, which is characterized by S, the difference between the neutron and proton separation energies ( S = S n − S p for neutron SF and S = S p − S n for proton SF). Such established systematics could suggest that deeply bound nucleons experience additional correlations, which are not taken into account in effective interaction theories [4] , although a deficiency in the reaction mechanism treatment dependent on the removed-nucleon binding energy cannot be excluded.
In contrast, the one-neutron transfer reactions on argon isotopes with a large span of asymmetry at NSCL suggest a weak dependence of correlations on the neutron-proton asymmetry [5, 6] . This large disagreement for deeply bound systems has not been explained so far and is inconsistent with results from systematic studies of transfer reactions [7] [8] [9] [10] and other theoretical calculations such as dispersive-optical-model (DOM) studies [11, 12] , the modern Green's function calculations [13] , and the microscopic coupled-cluster calculations coupling-to-continuum [14] . More recently, results from an experiment at GANIL aiming to study 14 O(d, t) [15] indicated that no strong reduction is observed from the transfer reaction, even for nuclei with a large asymmetry S = |S n − S p | = 18.6 MeV (S N = 23.2 MeV; S p = 4.63 MeV).
The corresponding stripping measurement of 14 O at 60 MeV/nucleon has been performed at NSCL and revealed a strong reduction of the one-neutron removal cross section compared to shellmodel+eikonal predictions [16] . The parallel momentum distributions obtained from this work exhibit a large tail at low momentum, originating in part from dissipative processes during the core-target interaction, and an abrupt cutoff at high momentum due to the incident energy being comparable to the initial neutron separation energy, keeping some part of the flux from being visible in the final state as a result [16] .
Being rooted in the eikonal and sudden approximations, the nucleon knockout model is formulated for reactions at energies of about 80 MeV/nucleon or higher [17, 18] . At such high energies, the nucleon removal mechanism is expected to be surface dominant, which allows the survival of the core nucleus (heavy residue) and eliminates the need to specify the motion of fast nucleons in the nuclear interior [17, 18] . This simple picture of a reaction mechanism with a nucleon being removed from a frozen nucleus, however, has long been questioned [19] . It is essential to test the energy dependence of the reaction mechanism and modeling. Existing published data on one-nucleon removal of deeply bound nuclei were obtained at energies below 120 MeV/nucleon [4, 20] . It is possible that the beam energies are not sufficiently high for the approximations employed in the eikonal theories to be valid, in particular the eikonal approximation to the scattering waves and adiabatic approximation for the projectile. Knockout reaction data on deeply bound nucleons at higher energies are missing and therefore desirable for energy dependence studies of reaction mechanisms.
In this work, we perform the first deeply bound nucleon removal (| S| > 20 MeV) at an energy above 200 MeV/nucleon. The reaction used is 12 C( 30 Ne, 29 F)X at 230 MeV/nucleon. The 30 Ne nucleus has a large difference in individual nucleon separation energies of 20.5 MeV (S p = 23.9 MeV and S N = 3.4 MeV), similar to cases where strong discrepancies between experimental and theoretical results have been observed. To achieve a systematic study covering both extremes of the PTEP 2016, 083D01 J. Lee et al. isospin asymmetry, the cross sections of the loosely bound neutron in 30 Ne are also measured with the 12 C( 30 Ne, 29 Ne)X reaction.
Experiments
The experiment was performed at the Radioactive Isotope Beam Factory [21] , operated by the RIKEN Nishina Center, and CNS, University of Tokyo. The superconducting ring cyclotron supplied a 48 Ca primary beam at 345 MeV/nucleon with the beam intensity ∼ 75 pnA. The 30 Ne secondary beam, produced by projectile fragmentation at a 15 mm thick rotating Be target, had an intensity of 440 particles per second and a momentum spread ( P/P) of ±3%. The 30 Ne beam was identified eventby-event according to the magnetic rigidity (Bρ), time of flight (TOF), and energy loss ( E) obtained by the standard detectors of the fragment separator BigRIPS [21, 22] . The secondary beam bombarded a C target of 2.54 g/cm 2 thickness with a mid-target energy of 228 MeV/nucleon. After the reactions, the 29 F and 29 Ne residues produced were identified by their Bρ, TOF, and E measured with the ZeroDegree Spectrometer [22] . In addition, the de-excitation gammas from these reaction residues were measured by the gamma-ray detector array DALI2 [23] , which was composed of 186 NaI (Tl) scintillator crystals and surrounded the reaction target. The details of the experimental setup, particle identification of the beam and reaction residues, analytical procedures, and spectra can be found in P. Doornenbal et al. and H. Liu et al. (manuscripts in preparation).
For the 12 C( 30 Ne, 29 F)X and 12 C( 30 Ne, 29 Ne)X reactions, the measured inclusive cross sections were 5.8(3) mb and 62(2) mb, respectively. The exclusive-to-final-state cross sections were also measured and ground-state cross sections subsequently deduced (P. Doornenbal et al. and H. Liu et al., manuscripts in preparation). It should be noted that, because of a limit due to the detectors' thresholds, there was a possibility that a measured cross section with no coincidence with gammarays contained contributions from low-lying excited states of the residual nucleus below about 200 keV. Considering the complexity in the structure of 30 Ne and the possible low-lying states below 200 keV in 29 Ne and 29 F, we therefore focus on the residual bound-state inclusive cross section in the present work. The overall shell-model strengths and reaction yields are compared with the measured cross sections, which are presented as R s = σ (expt)/σ (theory).
Theoretical analysis and discussion
The structures of 30 Ne, 29 Ne, and 29 F are calculated using two different approaches: shell-model (SM) calculations in the sd-pf model space with the SDPF-M effective interaction [24] , and antisymmetrized molecular dynamics (AMD). The AMD calculation with the Gogny D1S interaction [25] was carried out in the same way as that for other Ne and Mg isotopes [26] [27] [28] . The results of the structural information on the ground state of 30 Ne in terms of the 29 F plus p and 29 Ne plus n configurations are summarized in Table 1 ; the spectroscopic factor and the excitation energy of the core nucleus, 29 F or 29 Ne, for each configuration are shown.
For 29 F, both models suggest that the ground state (g.s.) spin-parity is 5/2 + . The larger spectroscopic factor obtained by the SM (1.485) than that by AMD (0.86) is due to the difference in the 29 F(5/2 + ) structure. The ground state of 30 Ne is dominated by intruder configurations in both the SM and AMD calculations, whereas that of 29 F contains larger 0p-0h components in AMD than in SM. This leads to the difference in overlap probability when a proton is removed from 30 Ne.
For 29 Ne, the SM and AMD give different values of the g.s. spin-parity. The situation is complicated by several predicted low-lying excited states below 1 MeV. Fortunately, however, a β-decay experiment has put strong constraints on the possible spin-parity values [29] . The β decay of 29 directly feeds the 72 keV, 1249 keV, and 1588 keV levels in 29 Na through a Gamow-Teller transition. These levels are considered to be positive-parity states because low-lying negative-parity states in 29 Na, which are dominated by odd-particle, odd-hole excitations across the N = 20 gap, should be located rather high (E x 3 MeV) due to strong pairing correlations in neutrons. It is thus quite unlikely that the parent nucleus 29 Ne has a negative-parity ground state. In addition, the 72 keV state in 29 Na is reasonably assigned as a 5/2 + state from the measured B(E 2 ; g.s. → 72 keV) value [30] and comparison to shell-model calculations using the SDPF-M interaction. Taking those experimental data into consideration, the ground state of 29 Ne is either 3/2 + , 5/2 + , or 7/2 + . As shown in Table 1 , the 5/2 + state is located at 1.485 MeV (SM) or 0.86 MeV (AMD). In both models, the 7/2 + state has even higher energies.
In the AMD calculation, a 1/2 + g.s. of 29 Ne is suggested and the 3/2 + state is located at 140 keV. These states belong to a rotational band with K = 1/2, and the order of these two levels depends rather strongly on the decoupling parameter, as discussed, e.g., in the case of 33 Mg [31] [32] [33] . Note that, in Ref. [34] , the reaction cross section σ R of 29 Ne was calculated with the AMD wave function of the 1/2 + g.s., which agreed well with the experimental data [35] . It is confirmed, however, that the observed σ R of 29 Ne is also reproduced well when the 3/2 + wave function of 29 Ne is taken in the calculation. Thus, a 3/2 + assignment is not excluded. On the other hand, the one-neutron removal measurement from 29 Ne suggests that the ground state of 29 Ne has a spin-parity of 3/2 − [36] , in contrast to the β-decay experiment in 29 Ne [29] , which indicates the positive-parity ground state based on direct beta feeding to the 5/2 + state (at 72 keV) in 29 Na. A possible scenario to account for this contradiction is the existence of a very low-lying isomeric 3/2 − state in 29 Ne (less than 100 keV). In our analysis in this paper, we therefore concentrate on inclusive cross sections and include both the 3/2 − and 3/2 + levels for 29 Ne.
The one-nucleon removal cross sections σ −1N (N is p or n) are calculated using the eikonal reaction theory (ERT) [37, 38] , i.e., an extension of the continuum-discretized coupled-channel method (CDCC) [39] applicable to inclusive observables. We take three-body models, ( 29 In the folding calculation, 29 Ne(1/2 + ) and 29 F(5/2 + ) densities obtained by AMD and the phenomenological 12 C density are used. We adopt a central Woods-Saxon potential with a radial (diffuseness) parameter of 1.25 fm (0.65 fm) to generate p-29 F and n-29 Ne wave functions. To estimate the uncertainties of the present model, we change the value of r 0 by 10%, which leads to 10-20% variation in the calculated cross sections, as shown in Table 2 . The depth of the potential is determined to reproduce the experimental nucleon separation energy S N . In the CDCC calculation, we neglect the intrinsic spin of each particle. The model space of CDCC is the same as in Ref. [37] , which gives a good convergence of σ −1N . We calculate σ −1N for each configuration, as shown in Table 1 . Then the σ −1N are multiplied by the spectroscopic factor predicted by the SM or AMD and the result is compared with the experimental data. The calculated σ −1p for the 12 C( 30 Ne, 29 F)X reaction are shown in Table 3 . Assuming that all bound states in 29 F contributing to the one-nucleon strength are calculated, inclusive cross sections of 19.6 mb and 9.5 mb (considering states below 1.44 MeV) are obtained with the spectroscopic factors of 29 F given by either the SM or AMD, respectively. The reduction factor R s in the present case is 0.30 (SM) and 0.61 (AMD).
The SM result significantly overshoots the experimental value of 5.8(3) mb. This feature is consistent with that reported in previous studies on deeply bound nucleon removal around 100 MeV/nucleon by Tostevin and Gade [40] . On the other hand, as shown in Table 3 , the calculated inclusive cross sections of the 12 C( 30 Ne, 29 Ne)X reaction with the spectroscopic factor obtained by the SM (AMD) are 94.0 mb (112.9 mb), resulting in R s of 0.66 (0.55). The results are significantly smaller than the established systematics of R s , which is close to unity for loosely bound nucleon removal [40] . This R s ∼ 1 could be understood as the loosely bound nucleon not being effectively influenced by the nucleon-nucleon correlations beyond those described by the shell model. Such deviation of the present result from the reported systematics in Ref. [40] might therefore imply the incomplete description of SM and AMD to the complex structure of 30 Ne and 29 Ne. 30 Ne is a deformed nucleus described as a mixture of many shell-model configurations, resulting in additional uncertainties in investigating the reaction model. In addition, there is no measurement of the 12 C( 30 Ne, 29 F)X reaction at lower energy to compare with the present results at ∼ 230 MeV/u. To study the reaction energy dependence in the reaction model with a well-controlled structure model dependence, future measurements of 12 C( 30 Ne, 29 F)X at ∼ 100 MeV/u are needed. If the R s extracted at both low-and high-energies are consistently small, it suggests that a reexamination of the reaction theory description of knockout reactions, including the reaction mechanisms and the input parameters used in these analyses, may be needed.
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Conclusions
In summary, single-proton (-neutron) cross sections were measured for 30 Ne with large | S| at incident energies around 230 MeV/nucleon. The one-proton (-neutron) removal cross section producing 29 F ( 29 Ne) was calculated by ERT with the g.s. configuration and the spectroscopic factor predicted by the SM or AMD. In the models, g.s. spin-parity values of 5/2 + and 3/2 + were calculated for 29 F and 29 Ne. For the one-proton removal process, theoretical analysis confirmed that the measured cross section for the g.s. of 29 F was free from contaminations of low-lying states. On the other hand, for the one-neutron removal process, no clear conclusion on the contamination was drawn because of the quite dense energy levels of 29 Ne predicted by the two models. The experimental inclusive cross sections are compared to the calculations R s = σ (expt)/σ (theory). The R s values are obtained with the spectroscopic factors given by the SM or AMD, respectively. The asymmetry dependence of R s values deduced using SM is two times larger than that deduced using AMD. The discrepancy in R s deduced using SM for the deeply bound nucleon removal reaction is consistent with the systematics observed from the knockout reactions at incident energies ∼ 100 MeV/nucleon. Together with the present one-proton removal of 30 Ne at ∼ 230 MeV/u, the same measurement at ∼ 100 MeV/u would be desirable for studying the energy dependence in the reaction model without additional uncertainties attributed to the structure input. For loosely bound nucleon removal, the present work gives a significantly smaller R s for 29 Ne than the established systematics of R s , which is close to unity. Such deviation might suggest the need for further improvement in the SM and AMD calculations for the structures of 30 Ne and 29 Ne.
